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PREFACE. 


This little book contains an exact repnnt of all the 
papers on Relations Among the Atomic Weights, and on 
the Periodic Law (provisionally termed the “Law of 
Octaves ”), wntten by myself, and printed in the Chemical 
News, some years before M Mendelejeff had published 
anything on the subject of the Periodic Law 

In the first paper the old atomic weights are employed, 
and in all the subsequent papers, those of Canni2zaro 
It may also be stated that the word " equivaJent ” is in 
some qf the papers used instead of “ atomic weight” 

The Appendix contains notes, &c , which have been 
published smce the appearance of M Mendelejeff s state- 
ments regarding the “ periodic law ” 

Having been the first to publish the existence of the 
periodic law more than nineteen years ago, I feel, under 
lixistmg circumstances, compelled to assert my priority in 
this matter 

That both D Mendelejeff and Lothar Meyer have 
done a good deal to develop the periodic law is admitted, 
^ J^ut this admission by no rni^ns assumes that either of 
these eminent chemists was t^ first discoverer of the law 
in question. As a matter of simply justice, and m the 
interest of all true workers in* science, both theoietical 
and practical. It IS right that the originator of any proposal 
or discovery should have the credit of his labour. 

, I will now proceed to give the dates of my several 
papers on the subject 

In a paper {Chemical News, vol. x. p. 59), July 30, 




1 


VI 


PREFACE. 


1864, I g^ve a list of all the then known elements m the 
order of atomic weight, which was the first ever published 
Another table was appended, giving a horizontal arrange- 
ment of the more important elements, also in order of 
atomic weight, with blanks corresponding to some of the 
missing membeis of various groups Thus, in the trivalent 
group, commencing with boron, there was a blank next 
below zinc, since filled by gallium, and another blank 
immediately below cadmium, since filled by indium It 
was also pointed out that in the group containing carbon, 
silicon, titanium, and tin, there was an element wanting 
having an atomic weight of 73, being, in fact, the same 
missing element which M Mendelejeff has recently pre- 
dicted under the name of eka-silicium 

In an appendix to this paper {Chemical News^ vol x 
p, 94), August 20, £864, I announced the existence of a 
simple relation or law among the elements when arranged 
in the natural order of their atomic weights, to the effect 
that the eighth element, starting from a given one, was a 
sort of repetition of the first, or that elements belonging 
to the same group stood to each other in a relation similar 
to that between the extremes of one or more octSves m 
music This was accompanied by a horizontal grouping 
arrangement 

In the Chemical News, vol xii pp 83 and 94 (August 
18 and 25, 1865), I published a full horizontal arrange- 
ment of the elements in order of atomic weight, and 
proposed to designate the simple relation existing betwe^ 
them by the provisional term ‘‘ law of octaves ” This law 
has since been called by M. Mendelejeff the “ penodic 
law.” 

On March i, 1866, I reaa a paper on this periodic law^ 
before the Chemical Society, and a notice bf this appeared 
in the Chemical Ne^s, vo^ xiii p 113, and also in many 
other journals. In the Chemical NewSy vol xiii p 130 
(March 16, 1866), I wrote as follows. — “I have en- 
deavoured to describe relations actually subsisting among 
the atomic weights of the elements at present known, bu^ 
am far from thinking that the discoveiy of new elements 
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(or the revision of the atomic weights of those already 
known) will upset for any length of time the existence of 
a simple relation among the elements when arranged in 
the order of their atomic weights 

“The fact that such a simple relation exists now 
affords a strong presumptive proof that it will always 
continue to exist, even should hundreds of new elements 
be discovered For, although the difference in the 
numbers of analogous elements might, in that case, be 
altered from 7, or a multiple of 7, to 8, 9, 10, 20, or any 
conceivable figure, the existence of a simple relation 
among the numbers of analogous elements would be none 
the less evident ” 

Years afterwards, the brilliant researches of Roscoe 
showed that the atomic weight of vanadium was $ 12 , 
instead of 137 This 1 eduction m the atomic weight of 
vanadium at once placed that lAetal in the same line as 
the phosphorus group, thereby confirming the periodic 
law It may also be stated that in the Qiemtcal News, 
vol. x p 95,1 predicted that the atomic weight of mdium 
might " prove to be identical, or nearly so, with those of 
zinc ortadmium ” 

To sum up I claim to have been the first to publish a 
list of the elements in the order of their atomic weight, 
^and also the first to describe the pei iodic law, showing 
the existence of a simple relation between them when so 
arranged 

J[ have applied this periodic law to the following among 
other subjects — 

I. Prediction of the atomic weight of missing elements, 
such as. the missing element of the carbon group = 73» 
• since termed eka-siliaum by M Mendelcjeff 

2 Predicting the atomic weight of an element whose 
atomic weight was then unknovfp, visf, that of indium. 

3 Selection of Cannizzaro’s atomic weights, instead of 

those of Gerhardt, or the old system, which do not show 
a periodic law iViwj, vol. xiii p 113) 

^ 4 Predicting that the revision of atomic weights, or 
the discovery of new elements, would not upset the 
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harmony of the law — since illustrated by the case of 
vanadium 

5 Explaining the existence of numerical relations 
between the atomic weights {Chemical News, vol xiii 
P 130) 

6 Where two atomic weights were assigned to the 
same element, selecting that most in accordance with the 
penodic law for instance, taking the atomic weight of 
beryllium as 9*4 instead of 14 

7 Grouping certain elements so as to conform to the 
periodic law instead of adopting the ordinary groups 

Thus, mercury was placed with the magnesium group, 
thallium with the aluminium group, and lead with the 
carbon group ( vol. xiii p 113) Tellurium, 

on the other hand, I have always placed above iodine, 
from a conviction that its atomic weight may ultimately 
prove to be less than that of iodine 

8 Relation of the periodic law to physical properties — 
showing that similar terms from different groups, such as 
oxygen and nitrogen, or sulphur and phosphorus, fre- 
quently bear more physical resemblance to each other 
than they do to the remaining members of tlTe same 
chemical group {Chemical News, vol x p 60) 

It is not denied that I was the first to publish a list of 
the elements in the natural order of their atomic weights,^ 
and Wurtz has written, in reference to the periodic law, 
that “ it is a circumstance worthy of remark that such 
vaned and unexpected developments arise from the 
simple idea of arranging bodies according to the in- 
creasing value of their atomic weights This simple idea 
was a most important one ” (' The Atomic Theory,’ by 
A. Wurtz, Translation, p 170, London, 1880). 
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From the ' Cliemual News,’ vol. v« p 70, Feb 7, 1863 

ON RELATIONS AMONG THE 
EQUIVALENTS • 

TO THE EDITOR 

Sir,— M any chemists, and M Dumas in particular, 
have, on several occasions, pointed out some very in- 
teresting relations between the equivalents of bodies 
belonging’^© the same natural family or gioup , and my 
present purpose is simply to endeavour to proceed a 
little further in the same direction I must, however, 
pfjemise that many of the observations here collected 
together are well known already, and are only embodied 
in my communication for the purpose of rendering it 
more complete 

Before proceeding any further, I may also remark that 
in the difficult task of grouping the elementary bodies, I 
have been guided more by chemical characteristics than 
T>y physical appearances, and have therefore taken no 
notice of the ordinary distinction between metals and 
non-metallics The numbers whiqji I fiave attached to 
the various ^oups are meiely for the purpose of 
reference, and have no further significance whatever 
For the sake of perspicuity, I have employed the old 
eqilivalent numbers, these atomic weights being, with 
one or two exceptions, taken from the eighth edition of 
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' Fownes’ Manual ’ The following are among the most 
striking relations observed on comparing the equivalents 
of analogous elements (In order to avoid the frequent 
repetition of the wor(^ “equivalent,” I have generally- 
used the names of the different elements as representing 
their equivalent numbers thus, when I say that zinc is 
the mean of magnesium and cadmium, I intend to imply 
that the equivalent of zinc is the mean of those of mag- 
nesium and cadmium, and so on, throughout the papei) — 

Gioup I Metals of the alkalies — Lithium, 7 , sodium, 
23, potassium, 39, rubidium, 85, caesium, 123, thal- 
lium, 204 

The relation among the equivalents of this group (see 
Chemical News, January 10, 1863) may perhaps be most 
simply stated as follows — • 


I of hthmm + i of potassium = 2 of sodium 


+ 2 
+ 3 
+ 4 

+ S 


= I of rubidium 
= I of Ctcsium 

= 163, the equivalent of a metal 
not yet discovered 
= I of thallium 


Group II Metals of the alkaline earths — Mffgnesium, 
12 , calcium, 20, strontium, 43 8 , barium, 68 5 

In this gioup, strontium is the mean of calcium and 
baiium 

Group III Metals of the eaiths — Beryllium, 6 9, 
aluminium, 13 7, ziiconium, 33 6, cerium, 47, lan- 
thanium, 47 , didymium, 48 , thorium, 59 6 . 

Aluminium equals two of beryllium, or one-third of 
the sum of beryllium and ziiconium. (Aluminium also 
IS one-half of manganese, which, with non and chiomium, 
forms sesquioxides, isomorphous with alumina ) • 

I of zirc^ium 4 - i of aluminium = i of cerium 
1 ,, 2 „ = 1 of thorium 


Lanthanium and didymium are identical with cerium, 
or nearly so 

Group IV Metals whose protoxides are isomoiphdus 
with magnesia — Magnesium, 12 , chromium, 26 7 , man- 
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ganese, 27 6 , iron, 28 , cobalt, 29 5 , nickel, 29 5 , 
copper, 317, 2inc, 32*6 , cadmium, 56 
Between magnesium and cadmium, the extremities of 
this gioup, zinc IS the mean Cobalt and nickel aie 
identical Between cobalt and zinc, coppei is the mean 
Iron IS one-half of cadmium Between non and chio- 
mium, manganese is the mean 

_ Group V. Fluorine, 19, chlorine, 35 5, bromine, 80, 
lodme, 127 j j » 

In this group bromine is the mean between chlonne 
and iodine 

Group VI Oxygen, 8 , sulphui, i6 , selenium, 30 5 
tellurium, 64 2 > oj 2 , 

and^tellurftm^ selenium is the mean between sulphur 

Nitrogen, 14, phosphcJius, 31, arsenic, 
75 , osmium, 99 6 , antimony, 120 3 , bismuth, 213 
In this gioup arsenic is the mean between phosphorus 
and antimony ^ ^ 

Osmium appi caches the mean of aisemc and antimony, 
and IS also almost pactly half the difference between 
nitrogen -and bismuth, the two extiemities of this group 

thus = 99 5 

+ 3 of phosphortis; 

tin^Ss”^ Carbon, 6 , silicon, 14 20, titanium, 25 , 

In this group the difference between tin and titanium 
Sidlillw?*®® ^ ’ 5 <=^wccn titanium 

-cybden™, and nu.tal.„™ 

^roupX. Rhodium, 52-2, ruthenium, <2 2; nalla- 
luna, S3‘3 , platinum, 98 7 , indium, 99. 
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this group the first three are identical, or nearly so, 
and are rather more than half of the other two (I may 
mention, by the way, that platinum is rather more than 
the ha.lf of gold , thu^ 98 7 x 2 = 197 4, gold being 

197) 

Gronp XI Mercury, 100 , lead, 103 7 , silver, 108 
Lead is here the mean of the other two 
If we deduct the member of a group having the lowest 
equivalent from that immediately above it, we fre- 
quently- observe that the numbers thus obtained bear a 
simple relation to each other, as in the following ex- 
amples : — 


ember of Group having 
lowest Equivalent. 

One immediately above 
the preceding 

Difference 

Magnesium 

• 

12 

Calcium 

20 

8 

Oxygen 

8 

Sulphur 

16 

8 

Carbon 

6 

Silicon 

14 2 

8 2 

Litluum 

7 

Sodium 

23 

16 

Fluonne 

19 

Chlonne 

35 s 

16 s 

Nitrogen 

14 

Phosphorus 

31 

17 


A similar relation, though not quite so obvious as the 
above, may be shown by deducting the lowest member 
of a triad from the highest The numbers thus obtained 
in the different triads correspond to a great extentT 
(By a triad I understand a group of three analogous 
elements, the equivalent of one of which is the mean of 
the otlier two ) Of this relation I append a few ex- 
amples — 


Lowest Term of Tnad 

Highest Term of Tnad 

Difference 

Lithium 7 

Magnesium 12 f 
Molybdenum 46 
Sulphur 16 

Calcium 20 

Phosphorus 31 
Chlorme 35 5 

Potassium 39 
Cadmium 56 
Tungsten 92 
Tellunum 64 2 
Banum 68 5 

Antimony I20 3 
Iodine 127 

32 

44 
• 46 

48 2 
^ 5 

S9 3 

91 S 
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" r- - - - 

tri^ It .s nearly hvfce as 

pl^mum‘^t'Sm ,<*6 highest member of the 

?hodmm cfTS 99,^ and the lowest, 

,«Jr “i 1 ^ number which aporoximate<? 

Sc ‘f « some SS^I 

tnads, and it therefore appeals possible that the 
platinum metals are the extremities of a tnad the 
central tenn or mean of which is at present unknol 

I^am, &c, 

•DC Tira-t- , J A R N 

t the View of economising space I have 

riri3 i 

^ expected m such 

I also freely admit that some of the relations ahnv« 
apparent than real, others I 
Sip'S!. of a more durable and 


From tJte ' Chefmcal News! vol x p. 59, July 30, 1864 
RELAXIONS between •equivalents. 


TO THE editor 

Sir,— -I n your impression of the 2nd inst a correcnnn 
denj under the name of " Studiosus," has called Senboii 
to the existence of a law to the effect “that the atomic 
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weights of the elementary bodies are, with few exceptions, 
either exactly or very nearly multiples of eight ” 

Now, in a letter “On Relations among the Equiva- 
lents,” which was signed with my initials, and inserted in 
the Chemical News of February 7, 1863 , 1 called attention 
to the numerical differences between the equivalents of 
certain allied elements, and showed that such differences 
wcie generally multiples of eight, as in the following 
examples — 


Member of a Group having 
lowest Equivalent. 

One immediately above 
the preceding 

Difference 


0 = 1 

Magnesium 

24 

Calcium 

40 

16 

1 

Oxygen 

16 

Sulphur 

32 

16 

I 

Lithium 

7 

Sodium 

23 

16 

1 

Carbon 

12 

Silicon 

28 

16 

I 

Fluonne 

19 

Chlorine 

35 5 

16 5 

I 031 

Nitrogen 

14 

Phosphorus 

31 

17 

I 062 

Lowest Term of Tnad 

Highest Term of Triad 



Lithium 

7 

Potassium 

39 


2 

Magnesium 

24 

Cadmium 

112 

88 

5 s ^ 

Molybdenum 96 

Tungsten 

184 

88 


Phosphorus 

31 

Antimony 

122 

91 

5 687 

Chlorine 

35 5 

Iodine 

127 

91 5 

5 718 

Potassium 

39 

Csesium 

133 

94 

§ 

Sulphur 

32 

Tellurium 

129 

97 

6 062 

Calcium 

40 

Banum 

137 

97 

6 062 


In the last of the above columns the difference is given 
icferred to 16, the equivalent of oxygen, as unity, and it 
will be seen that, generally speaking, the aquivalent of 
oxygen is the unit of these differences, just as the 
equivalent of hydrogen, in “ Front’s law,” is the unit of 
the atomic weights Exceptions there are, however* in 
both cases, which render it necessary to take one-half or 
one-quarter of the equivalent of oxygen in the one case, 
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and of hydrogen in the other, in order to represent all 
the numbers obtained as multiples by a whole number of 
the given standard 

Now, if the law of “ Studiosus ’’'had any real existence, 
the above facts would resolve themselves into particular 
cases of its application For if “ the atomic weights are 
multiples of eight,” any differences between them must 
also be divisible by eight 

We have here the symbols and the atomic weights of 
sixty-one elements, placed in their numerical order, and 
in the third column is the difference between each atomic 
weight and the one immediately preceding it — 


II 

I 


Ca 

40 

X 

Ce 

92 

2 5 

V 

137 

0 

Li 

7 

6 

Ti 

SO 

xo 

La 

92 

*0 

Ta 

138 

X 

G 

9 

2 

Cr 

52 5 

2 5 

Di 

96 

4 

W 

184 

46 

B 

XI 

2 

Mn 


2 5 

Mo 

96 

0 

Nb 

195 

XI 

C 

12 

I 

Fe 

56 

X 

Ro 

104 

8 

Au 

196 

X 

N 

H 

2 

Co 

S8 S 

2 5 

Ru 

X04 

0 

Pt 

X97 

X 

O 

l6 

2 

Ni 

S8 S 

0 

Pd 

loM 

2 5 

Ir 

X97 

0 

FI 

19 

3 

Cu 

63 5 

5 

Ag 

108 

I 5 

Os 

X99 

2 

Na 


4 


64 

0 5 

Cd 

1x2 

4 

Hg 

200 

X 

Mg 

24 ^ 

X 


65 

I 

Sn 

118 

6 

Tl 

203 

3 

A 1 

27 5 

3 5 

As 

75 

xo 

U 

120 

2 

Pb 

207 

4 

Si 

28 

0 s 

Se 

79 5 

4 5 

Sb 

X 22 

2 

Bi 

2x0 

3 

P 

3 X 

3 

Br 

80 

0 5 

I 

X27 

5 

Th 

238 

2$ 

*«Si 

32 

X 

Rb 

85 

5 

Te 

129 

2 




Xl 

35 S 

3 5 


5 

2 s 

Cs 

133 

4 




ic 

39 

3 5 


89 5 

2 

Ba 

137 

4 





Now, It will be observed that in all the above dif- 
ferences the number eight occurs but once, and we never 
- meet with a multiple of eight, whereas if the law of 
“ Studiosus ” wore true, the equivalents of the elements, 
in whatever older they might be placed, should, when 
not identically the same, diffei* either by eight or by 
some multiple of eight in every case 

While upon the subject of “relations among the 
equivalents,” I may observe that the most important 
of these may be seen at a glance in the following 
table — 
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T: 

Lofrest Term 

nad 

1 

Meaxu 

Highest 

Term 


I 


Li 

7 

+ 17 =Mg 24 

Zn 6$ 

Cd II2 


II 


B 

11 




Au 196 

III 


C 

12 

+ 16 =Sl 28 


Sn II8 


IV 


N 

14 

4-17 31 

As7S 

Sb 122 

488 =Bi 210 

V 


0 

16 

416 =S 32 

Se 79 s 

Te 129 

4 70= Os 199 

VI 


F 

191 

4-16 s = Cl 35 5 

Br 80 

I 127 


VII 

Li 7 

+ i6=Na 

23 

+ 16 =K 39 

Rb 8 s 

Cs 133 

47o=Tl 203 

VIII 

Li 7 

+ i7=Mg 24 

416 =:Ca 40 

Sr 87 S 

Ba 137 

470=Pb 207 

IX 




Mo 96 

V 137 

W 184 


X 




P d 106 5 


pt 197 



This table is by no means so perfect as it might be , 
in fact I have some by me of a more complete character, 
but as the position to be occupied by the various 
elements is open to considerable controversy, the above 
only is given as containing little more than those ele- 
mentaiy groups the existence of which is almost univer- 
sally acknowledged 

I now subjoin a few explanatory remarks on the 
different groups contained in the above table, the number 
attached to each group being merely for the purpose of 
reference 


Group IL Boron is here classed with gold, both these 
elements being tnatomic, although the latter is some- 
times monatomic. 

Group III Silicon and tin stand to each other as 
the extremities of a triad Titanium is usually classed 
along with them, and occupies a position intermediate 
between silicon and tlm central term or mean of the 

triad, which is at present wanting , thus + Sn ii8 
= 73. mean of triad, and + mean of triad 73 


S0‘ 5, the eq of Ti being 50 
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Gioup IV The equivalent of antimony is nearly the 
/ mean of those of phosphorus and bismuth, thus. 
31 + 210 

2 ~ ^20 S> the eq. of JBb being 122 

Group VII The relations which M Dumas has 
pointed out between the membeis of this group aie 
well known , a slight alteration must be made, owing to 
the atomic weight of caesium having been raised The 
relations, then, will be thus — 


t 5 = * Na, or m figures, 7 + 39 = 46 

» 7+78= 8s 

t'* i I V “ ” 14 + 117 = 131 

. 1" ® ~ »* 7 + 19s = 202 

3 Li + S K — 2 Ag „ 21 4. igj — 216 


TJe equivalent of silver is thus connected with those 
of the alkali metals It may also, which amounts to the 
same thing, be viewed as made up of the equivalents of 
sodium and rubidium , thus, 23 + 85 = 108 It is like- 
wise nearly the mean between rubidium and caesium 

thus, = 109 

Group VIII If lithium may be considered as con- 
nected with this gioup as well as with the foregoing 
(and by some chemists its oxide is viewed ais a con- 
necting link between the alkalies and the alkaline 
.earths), we may perform the same calculations in this 
^oup thdt M. Diiin3,s has done in the preceding, 


L»+ Ca = 2 Mg, or m figures, 7+ 40 = 47 
I4I + 2 Ca = Sr ,, 7 + So = 87 

* + 3 = Ba „ 14 4. 120 s= 134 

Li + 5 Ca = Pb „ 7 4, 200 = 207 

• 

A^n, there are two triads in the group of alifal ? 
metals, one which has been long known, vu lithium, 
. sodium, and potassium, and the other, which was pointed 
out by Mr. C, W. Quin, in the Chemual News of 
November 9, x86i, viz potassium, rubidium, and caesium. 
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Potassium is thus the highest term of one triad apd the 
lowest term of another 

In like manner, if we include lithium, we shall have 
among the metals of the ’alkaline eaiths two triads, the 
first comprising lithium, magnesium, and calcium, and 
the second calcium, strontium, and barium, calcium 
standing at the top of one triad and at the bottom of the 
other 

The element lead occupies a position in relation to the 
metals of the alkaline earths similar to that filled by 
thallium in the gioup of alkali metals Osmium appears 
to play a similar pait m the sulphur group, and bismuth 
in the phosphorus group The analogous term in the 
chlorine group is not yet known • 

Thallium, in its physical properties, bears some resem- 
blance to lead, and it frequently happens that similar 
terms taken fiom different groups, such as oxygen and 
nitrogen, or sulphur and phosphorus, bear more physical 
resemblance to each other than they do to the members 
of the groups to which, for chemical reasons, we are 
compelled to assign them ^ 

It will be obseived that the difference between the 
equivalents of tellurium and osmium, caesium and 
thallium, and barium and lead respectively is the same 
in each case, viz 70 

Group X. Palladium and platinum appear to be the 
extremities of a triad, the mean of which is unknown 
So frequently aie relations to be met with among the 
equivalents of allied elements, that we may almost pre- 
dict that the next equivalent determined, that of indium, 
for instance, will be found to bear a simple relation to 
those of the gioup to which it will be assigned 

In conclusion, I may mention that the equivalents I 
have adopted in this lettSr were taken from tlje highly 
interesting and important paper by Professor Williamson, 
lately published in the Journal of the Chemical Society. 
I am, &c, 

John A. R. Newlands. 


July 12 , 1864. 
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Frmn tJie ‘ Chemical Newsl vqI x p 94, Aug 20, 1864 

ON RELATIONS AMONG THE 
EQUIVALENTS 

TO THE EDITOR 

Sir, — I n addition to the facts stated in my late com- 
munication, may I be permitted to observe that if the 
elements are arranged in the order of their equivalents, 
calling hydrogen i, lithium 2, glucinum 3, boron 4, and 
so on (a separate number being attached to each 
element: having a distinct equivalent of its own, and 
where two elements happen to have* the same equivalent, 
both being designated by the same number), it will be 
observed that elements having consecutive numbers 
frequently either belong to the same group or occupy 
similar positions in different groups, as in the following 
examples — 


A 



No 

No 

No 

No 

No 

Group a 

N 6 

p 13 

As 26 

Sb 40 

Bi S 4 

»» ^ 

0 7 

S 14 

Se 27 

Te 42 

Os 50 


FI 8 

Cl 15 

Br 28 

I 41 

— ^ 

„ d 

Na 9 

K 16 

Rb 29 

Cs 43 

T1 52 


Mg 10 

Ca 17 

Sr 30 

Ba 44 

Pb S3 


Heie the difference between the number of the lowest 
member of a group and that immediately above it is 7 ; 
in other words, the eighth element starting from a given 
one IS a kind of repetition of the fiist, like the eighth 
note of an octave in music The differences between 
the numbers of the other membeis of a group are 
frequently twice as great , thus m the nitrogen group, 
between N and P there are seven elements , between P 
and As, 13; between As and Sb, 14, and between Sb 
and Bi, 14 

In conclusion, I may remark that just as we have 
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several examples of the apparent existence of tnads, the 
extremities of which are known, whilst their centres are 
wanting (such as the metals of the platinum group, which 
may be conceived to be the extremities of three distinct 
triads, and perhaps also silver and gold may be related 
to each other in this manner), so we may look upon 
certain of the elements, e g Mn, Fe, Co, Ni, and Cu, as 
the centres of triads, the extremes of which are at 
present unknown, or, perhaps, in some instances only 
unrecognised 

I am, &c, 

August Z, 1864. John A R Newlands 


From the ‘ Chemical News,' vol x p 95, Aug. 20, 1864 

EQUIVALENT OF INDIUM. 

TO THE EDITOR 

Sir, — In reply to “ Inquirer,” who asks me to give him 
some idea of the equivalent of indium, I am afraid that 
our knowledge of this metal is too imperfect to enable us 
to give a satisfactory answer to such a question 

Professor Roscoe has stated [Chemical News, June 25, 
1864) that indium “in its chemical relations resembles 
zinc, with which it is associated in nature,” and taking 
this statement as the best existing basis on which to 
build our notions regarding its equivalent, we should 
expect to find that the atomic weight of indium bears 
some simple relation to those of the zinc group, 
including under that term magnesium, zinc, cadmium, 
and, perhaps, mercury. *^16 equivalent of indium, then, 
may prove to be identical, or nearly so, with those of 
zinc or cadmium. I leave magnesium out of the question, 
as It IS not likely that indium, from its known properties, 
has an equivalent lower than 50 It is also just possible 
that indium may occupy a position in the zinc group 
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similar to that of thallium among the alkali metals, in 
which case the equivalent of indium would be 182, or 
thereabouts. 

I am, 

August 15, 1864. John A. R Newlands. 


From the ‘ Chemical News,' vol x. p 240, Nov 12, 1864 
ON THE EQUIVALENT OF INDIUM. 

TO THE EDITOR 

SlR,-ipFrom the equivalent of indium given in your 
last impression (viz 463 4,0 = 100^ or 74 14,0 = 16), 
It seems probable that that metal is the mean of a tnad 
consisting of silicon, indium, and tin , or perhaps, of 
another tnad composed of aluminium, indium, and 
uranium 

If we regard indium as belonging to the same group 
as zinc. It will form one of a series of elements having 
consecutive equivalents, including Cr, Mn, Fc, Co, Ni, 
Cu, Zn, and In ; the equivalent of zinc being the mean 
of those of iron and indium 

^ We must, however, wait for further details of the 
properties of this newly discovered element, and especi- 
ally of its atomicity, before it can be safely assigned to 
any particular group 

It will be seen that the equivalent of indium is next 
in numerical order to that of zinc, and but slightly below 
that of arsenic , and we have already observed that 
“ elements having consecutive equivalents frequently 
either belong to the same group or occuov similai 
positions m different groups ” . 

• lam, 8ec, 

Nov. 8, 1864. John A. R, Newlands. 
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From th^ < Chemical News', vol xii p 83, Aug 18, 1865 
ON THE LAW OF OCTAVES 

TO THE EDITOR 

Sir, — -\?V ith your permission, I would again call atten- 
tion to ^ fact pointed out in a communication of mine, 
mseited Chemical News iox 20, 1864 If 

the eler^ exits are arranged in the order of their equiva- 
lents, witliL a few slight transpositions, as in the accom- 
panying table, it will be observed that elements belonging 
to the same group usually appear on the same horizontal 
line 




Nol 

• 

No 


No 


No 


No 


No 

Cl 


Co&Ni 

22 

Br 

29 

Pd 

36 

I 

42 

Pt&Ir 

50 

K 

i6| 

Cu 

23 

Rb 

30 

Ag: 

37 

Cs 

44 

T 1 

53 

54 

Ca 

17 

Zn 

25 

iSr 

31 

Cd 

38 

Ba h 

V 45 

Pb 

Cr 

19! 

Y 

24 

!Ce & La 331 

U 

40 

Ta 

46 

Th 

56 

TTi 

18 

In 

26 

Zr 

32 

Sn 

39 

W 

47 

Hg 

52 

Md 

L 20 

As 

27 

pi & Mo 34 

Sb 

41 

Nb 

48 

Bi 

55 


21 

Se 

28 

Ro & 

Ru 35^ 

Te 

43 

Au 

49 

Os 

w 

51 


Note — WHere two elements happen to have the same equivalent, both are designated 
by the same number 


It will also be seen that the numbers of analogous^ 
elements generally differ either by 7 or by some 
multiple of seven , in other words, members of the same 
group stand to each other in the same relation as the 
extremities of one or more octaves in music Thus, in 
the nitrogen group, between nitrogen and phosphoius 
theie are 7 elements, between phosphorus and arsenic, 
14, between arsenic and antimony, 14, and lastly, be- 
tween antimony and bismuth, 14 also 
This peculiar relationship I propose to pioj^isionally 
term the ‘‘Law of Octaves” 

I am, &c , 

8, 186s John A R Newlands 
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From the ‘ Chemiccd News’ vol xii p 94, Aug 25, 1865 

ON THE CAUSE OF NUMERICAL RELA- 
TIONS AMONG THE EQUIVALENTS 

TO THE eSiTOR 

Sir,— By way of addition to my last letter, I will 
with youi permission, endeavoui to show that all the 
numerical relations among the equivalents pointed out 
by M Dumas and others, including the well-known 
triads, are meiely arithmetical results flowing fiom the 
existence of the “law of octaves,” taken in connection 
with the fact of the equivalents forming a senes of 
numbeis approaching to the natuial ordci, as may be 
observed by an inspection of the following table 
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In this table the first column of figures gives the 
numbers of the elements , the second, their equivalents , 
and the third, the product obtained by dividing the 
equivalent of an element by its number It will be seen 
that the number of an element is nearly equal to its 
equivalent divided by a certain sum, which varies, 
however, as we ascend the scale, thus — 

From 4 to 17, the No = Eq — 2 5 
From 18 to 34, the No = Eq — 2 75 
From 35 to 4^ the No = Eq — 3 
From 47 to 56, the No = Eq — 4 

Now, as the equivalents correspond more or less 
closely in their rate of increase to the numbers of the 
elements, anything that is true of the latter must, •with a 
certain amount of latitude, be true of the former also , 
and, therefore, if the number of one element is the mean 
of those of two others (whether belonging to the same 
group or not), its equivalent will also be the mean of 
their equivalents 

Thus the number of Ti, 18, is the mean of those of 
F, 8, and Se, 28, and the equivalent of Ti = SO is also 
the mean of those of F = 19 and Se = 79 S, thus — 


This IS only one example of many that I might 
adduce of elements, whether analogous or not, possessing 
intermediate numbers, and also intermediate equivalents 
Now, in conformity with the ** law of octaves,’^ elements 
belonging to the same group generally have numbers 
differing by seven or by some multiple of seven, — that 
IS to say, if we begin with the lowest member of a 
group, calling it i, the succeeding members will have 
the numbers 8, 15, 22, 29, 36, &c, respectively • 

But 8 is the mean between i and 15, 151$ the mean 
between 8 and 22 , 22 is the mean between 15 and 29, 
See, and, therefore, as an anthmetical result of the “ law 
of octaves,” the number of an element is often the exact 
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mean of those of two others belonging to the same 
group, and consequently its equivalent also approximates 
to the mean of their equivalents 
The real triad exists m the numbers of analogous 
elements, as a consequence of their differing by some mul- 
tiple of a regularly recumng number, viz 7 The tnad 
of M. Dumas is only an approximation to the former, 
and is due to the partial concordance between the equi- 
valents of the elements and their respective numbers 
A similar train of reasoning will explain why it is that 
on deducting the equivalent of the lowest member of 
a group from that immediately above it we obtain a 
constant number (about 16) For we find that if, 
instead ^of taking elements of the same group (that is, 
elements whose numbers differ by 7), we perform a 
similar calculation with elements v^ose numbers differ 
by 8 or by 9, &c , we obtain in each case numbers quite 
as constant as in the above The difference of about 16 
merely expresses the average difference for an interval 
of seven elements m the lower part of the scale of 
equivalents 

The Above remarks are merely offered as an attempt 
to indicate, in a general manner, the mode in which the 
existence of anthmetical relations among the equivalents 
may, at any rate, be partially explained 
'• I am, &c, 

Ai/£vst 15, 1865 John A R Newlands 


From the ‘ Cftemtcal News' vo\ xiii. p 1 13, Mar 9, 1866 

Extract from Report of Meeting of the 
Chemical Society, March i, 1866 Professor 

A W, WiLLUMSON IN THE CHAIR 

Mr John A R Newlands read a paper entitled “ The 
Law of Octaves, and the Causes of Numencal Relations 
among the Atomic Weights” The author claims the 
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discovery of a law according to which the elements 
analogous m their properties exhibit peculiar relation- 
ships, similar to those subsisting in music between a note 
and its octave Starting from the atomic weights on 
Cannizzaro's system, the author arranges the known ele- 
ments in order of succession, beginning with the lowest 
atomic weight (hydrogen) and ending with thorium 
(=231 5), placing, however, nickel and cobalt, plati- 
num and indium, cerium and lanthanum, &c , in positions 
of absolute equality or in the same line The fifty-six 
elements so arranged are said to form the compass of 
eight octaves, and the author finds that chlorine, bromine, 
iodine, and fluonne are thus brought into the same line, 
or occupy corresponding places in his scale Nitrogen 
and phosphorus, oxygen and sulphur, &c, are also 
considered as formmg true octaves The author’s sup- 
position will be exemplified m Table II , shown to the 
meeting, and here subjoined — 


Table IL— Elements arranged in Octaves 


No 


No 


No 


No 


No 


No 


No* 


No 

H 

I 

F 

s 

Cl 

IS 

Co&Ni 

22 

Br 

29 

Pd 

36 

I 

42 

Pt&Ir 

SO 

Li 

2 

Na 

9 

K 

16 

Cu 

23 

Rb 

30 


S 7 

Cs 

44 

Os 

51 

G 

3 

Mg 

10 

Ca 

17 

Zn 

24 

Sr 

31 

Cd 

38 

Ba& V 

45 

Hg 

52 

Bo 

4 

Ai 

11 

Cr 

19 

Y 

25 

Ce & La 

33 

U 

40 

Ta 

46 

Tf 

S 3 

C 

5 

Sx 

12 

Ti 


In 

26 

Zr 

32 

Sn 

39 

W 

47 

Pb 

14 

N 


P 

13 

[Mn 20 

As 

27 

Di & Mo 

34 

Sb 

41 

Nb 

48 

Bi 

55 

0 

7 

s 

14 

Fe 

21 

Se 

28 

Ro & Ru 35 

Te 

43 

Au 

49 

Th 

56 


Dr Gladstone made objection on the score of its 
having been assumed that no elements remain to be dis- 
covered The last few years had brought forth thallium, 
indium, caesium, and rubidium, and now the finding of 
one more would throw-out the whole system The 
speaker believed there was as close an anaiogy sub- 
sisting between the metals named in the last vertical 
column as m any of the elements standing on the same 
honzontal Ime. 

Professor G. F. Foster humorously inquired of Mr 
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Newlands whethei he had ever examined the elements 
according to the order of their initial letters ? For he 
believed that any arrangement would present occsisional 
coincidences, but he condemned one which placed so far 
apart manganese and chromium, or iron from nickel and 
cobalt 

Mr Newlands said that he had tned several other 
schemes before arnving at that now proposed One 
founded upon the specific gravity of the elements had 
altogether failed, and no relation could be worked out of 
the atomic weights under any other system than that of 
Cannizzaro 


From tJte ‘ Chemical News^ vol xiii p 130, Mai 16, 1866 
ON THE "LAW OF OCTAVES.” 

TO THE EDITOR. 

Sir, — ^W ill you allow me to make a few remarks in 
reply to the objections which were offeied to my paper, 
read at the meeting of the Chemical Society on the 
1st inst I* 

^ The rule followed by the elements when arranged and 
numbered off, in the order of their atomic weights, was 
expressed as follows — “The numbers of analogous 
elements, when not consecutive, differ by 7, or by some 
multiple of 7 ” The clause “ when not consecutive ” was 
introduced for the purpose of embracing certain analogous 
elements whose atomic weights are consecutive, e g 
the senes containing chromium No 19, manganese No, 20, 
iron No 21, nickel and cobalt No. 22, copper No 23, and 
zinc No. ^4. • 

Now, It appears to be difficult to construct any ariange- 
ment founded upon numencal data, which could bnng 
the above-named elements into closer connection than 
the one which I have adopted ; yet it has been con- 
demned on the score of its placmg “ so far apart manga- 
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nese and chromium, or iron from nickel and cobalt” 

I readily grant **that any arrangement may present 
occasional coincidences,” but, at the same time, take 
leave to observe that tHe coincidences which I have 
pointed out are the rule, and not the exception I have 
endeavoured to describe relations actually subsisting 
among the atomic weights of the elements at present 
known, but am far from thinking that the^ discovery of 
new elements (or the revision of the atomic weights of 
those already known) will upset, for any length of time, 
the existence of a simple relation among the elements, 
when arranged in the order of their atomic weights 

The fact that such a simple relation exists now, affords 
a strong presumptive proof that it will always continue 
to exist, even should hundreds of new elements be 
discovered For, although the difference in the numbeis 
of analogous elements might, in that case, be altered from 
7, or a multiple of 7, to 8, 9, 10, 20, or any conceivable 
figure, the existence of a simple relation among the 
numbers of analogous elements would be none the less 
evident 

As a proof, however, that new discoveries are not very 
likely to destroy such relationship, I may mention that 
when the existence of the “ law of octaves ” was first 
pointed out {Che^nical News, August 20, 1864), the^ 
difference between the numbers of P and As was 13 
instead of 14, as between As and Sb, and also between Sb 
and Bi Since then, by the determination of the atomic 
weight of indium, the difference of the numbers of P and As 
has been made to be 14, as m the other cases adduced 
I am, &c , 

March 12, 1866. JOHN A R, Newlands 


/ /I 
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The following notes, &c,have been published since the 
appearance of M Mendelej^s statements regarding the 
** periodic law ” 


From the ‘ Chemical News' vol. xxv p 252, May 24, 1872 

RELATIONS BETWEEN THE ATOMIC 
WEIGHTS OF CANNIZZARO. 

TO THE EDITOR 

Sir,-^As several papers have recently appeared both 
m this country and on the Continent, on the subject of 
“ Relations between the Atomic Weights of Cannizzaro,” 
may I be permitted to remind your readers that most of 
these relations were pomted out in a paper wntten by 
myself, and published in the Chemical News for July 30, 
1864 (vol X p 59) In a subsequent paper, published 
in the Chemical News for August 20, 1864 (vol x p 94), 
I showed that the elements belonging to the same group 
stood to each other in a relation similar to that between 
the extremes of one 01 more octaves in music In the 
, Chemical News for August 18 and 25, 1865 (vol xii pp 
83 and 94), I discussed the whole question, and on 
March i, 1866, read a paper on the subject before the 
Chemical Society, when I showed that it was only with 
the atomic weights of Cannizzaro that such extremely 
simple relationship could be observed, thereby con- 
stituting an independent argument in favour of this 
system of atomic weights 

As a former not unfrequent writer in your Journal, may 
I requesj the insertion of the above few lines to vindicate 
my priority in this matter 

I am, &c , 

John A. R. Newlands 


May 21, 1872. 
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„-n.TPTM THE Chemical Grouping 
On a Relation and the Quantities 

OF Certain upon the Earth's 

IN WHICH THEY EXISl 

Surface 

By JOHN A R. NewLANDS 

IfaLst be made of the f°“rt“'3jSd?S^thlTe?an 
which occur on the earths surfac ^ ^ aj^ which are 

and the atmosphere) in wh aooear essential 

al„ most widely dismb^ed a^d 

r?r^lV;;:^^liti*o7each of the chtrf 

groups. Thus we have : — 

I Hydrogen and chlorine 
^ Sodium and potassium 
Magnesium and calcium. 

Aluminium and iron 
Carbon and silicon 
Nitrogen and phosphorus 
7 Oxygen and sulphur 

Hydrogen and chlorine are here classed together on 
account of their mutual replaceability, with but a slight 
change of properties, in many chemical compounds, such 
as trichloracetic acid, &a The position, too, of hydrogen 
in the list of elements, when arranged in the order of 
atomic weights, indicates that it is really the lowest 
member of the chlonne group 


3 

4 . 

5 

6 
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From the ^Chemical News^ voL xxvii p 318, June 27, 

1873 

EXTRACr FROM REPORT^ OF MEETING OF CHEMICAL 

Society, June 19, 1873. Dr Odling, President, 
IN the Chair. 

The following paper, a Note on Relations among the 
Atomic Weights,"' by J. A R Newlands, was then read 
by the author 
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In the June number of the Journal of the Chemical 
Society IS a paper by L Meyer, " On the Systemisation 
of Organic Chemistry,” in which reference is made to 
M Mendelejeff as having shown that certain properties of 
the elements appear “ as a regular penodical function of 
the atomic weight, if the elements are arranged in the 
natural system, or according to the numerical values of 
their atomic weights ” Now, in a paper read before this 
Society on March i, 1866, I showed that, when the 
elements were arranged in the order of their atomic 
weights, a simple relation existed between them, those 
belonging to the same group standing to each other in a 
relation similar to that between the extremes of one or 
more octaves in music ” I had also previously published 
the same statement in the Chemical News, vol x p 94, 
and on other occasions As my p 2 per was not pnnted 
m the Journal of the Chemical Society, and therefore a 
question of priority may arise, I have to request, as a 
simple matter of justice, the insertion of this brief note 
m the Soaety’s Journal 

The President said that the reason why Mr Newlands’ 
paper on this subject in 1866 had not been published by 
the Society was that they had made it a rule not to 
publish papers of a purely theoretical nature, since it 
was likely to lead to correspondence of a controversial 
chciracter 


From the ‘ Chemical Netos^ vol xxxii p 21, July 16, 
1875. 

On Relations among the Atomic Weights of 
THE Elements when arranged in their 
Natural Order. • 

By John A R Newlands. 

It is a singular circumstance that handbooks of 
chemistry which contain tables of various data, such as 
boiling-points, melting-points, specific gravities, latent 
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heat, specific heat, conducting powers for heat and 
dectncity, &c, in the natural Ird^r, should in rSLnce 
weights of the elements, give no similar 
taWe, but merely contain an alphabetical arrangement 
The pnncipal object of the present paper is to call 
attention to this staking omission, which will doubt- 
less be soon remedied by the introduction into treatises 
on chemistry, of a table of the atomic weights of the 
elements in their natural order, in addition to the usual 
convenient alphabetical arrangement 
I now offer a table of this description ; the different 
columns of the table give as follows — ist, the ordinal 

> 3rd, the atomic weight , and 
4th, the difference between each atomic weight and that 
preceding it All the atomic weights except that of 
thallium, and also fi'^e marked as doubtful, viz those of 
yttrium, did;^ium, cenum, erbium, and lanthanum are 
taken from ‘Fownes’ Chemistry,’ nth edition, 1873 

Table L— Elements in Order of Atomic Weight 
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Table I —Elements in Order or Atomic Weight— cewAwaaf 


No 

Symb 

At Wt 

• 

Diflf 

No 

Symb 

At Wt 

DiflF 

29 

Br 

80 

0 6 

• 

47 

Ba 

*37 

4 

30 

Rb 

8 s 4 

5 4 

48 

Di 

138 (t) 

X 

31 

Sr 

87 6 

2 2 

49 

Ce 

140 (’) 

2 

32 

Y 

88(’) 

0 4 

50 

Er 

178 (’) 

38 

33 

Zr 

89 6 

X 6 

51 

La 

x8o(?) 

2 

34 

Nb 

94 

4 4 

52 

Ta 

x82 

2 

35 

Mo 

96 

2 

53 

W 

X84 

2 

36 

Rh 

104 4 

8 4 

54 

Au 

197 

13 

37 

Ru 

• • 

104 4 

0 

55 

Pt 

197 4 

0 4 

38 

^ Pd 

X06 6 

2 2 

56 

Ir 

X98 

0 6 

39 

Ag 

108 

I 4 

57 

Os 

199 2 

X 2 

AO 

Cd 

112 

4 

58 

Hg 

200 

0 8 

41 

In 

113 4 

I 4 

59 

T 1 

203 6 

36 

42 

Sn 

118 

46 

60 

Pb 

207 

3 4 

43 

Sb 

X 22 

4 

61 

Bi 

210 

3 

44 

I 

X27 

5 

62 

Th 

235 

25 

45 

Te 

X28 

I 

63 

U 

240 

5 

46 

Cs 

133 

5 






On carefully examining this table many interesting 
facts may be observed, and a few of these will now be 
bnefly indicated If we start with the fifth element we 
find that it and all the followmg elements up to and 
including No 17, are elements of great importance from 
their being widely diffused in the earth, the ocean, or the 
atmosphere, forming a large proportion of the earth’s 
crust, and being essential to animal and vegetable life 
Their very names recall the constituents most frequently 
mentioned in analyses of soils, waters, &c, as carbon, 
nitrogen, oxygen, fiuonne, sodium, magnesium, alumi- 
nium, silicon, phosphorus, sulphur, chlonne, potassium, 
and calcium. If to these we add hydrogen and iron 
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such a list will include all the most important elements 
If we omit fluorine, which istperhaps not so important 
as the rest, the list will comprise two lepresentatives of 
each of the seven principal groups of elements, thus 
(see Chemical News j vol xxvi p 19) — 


Monads .. 

Dyads 

Tnads 

Tetrads 

Tnads (or pentads) 
Dyads (or hexads) . 
Monads (or heptads) 


Sodium and potassium 
Magnesium and calcium 
Aluminium and iron 
Carbon and silicon 
Nitrogen and phosphorus 
Oxygen and sulphur 
Hydrogen and chlonne 


Another remarkable circumstance to which I first called 
attention in the Chemical News, vol x p 94, August 20, 
1864, IS the fact of a simple relation existing bet^w^en all 
the known element^ when arranged in the natural order 
of their atomic weights This fact may be perhaps 
most simply stated in the following manner — “ Elements 
belonging to the same group stand to each other in a 
relation similar to that between the extremes of one or 
more octaves m music Thus, if we commence counting 
at lithium, calling it i, sodium will be 8, and potassium 15, 
and so on To save the trouble of counting in each 
individual case, and also to render the relationship 
obvious at a glance, it is convenient to adopt a horizontal 
arrangement, as in Table II 

In this table the unoccupied spaces may be filled up 
by elements at present undiscovered, or even by known 
elements whose atomic weights have not yet been 
accurately determined Although the position occupied 
by certain of the elements is open to dispute, this table 
will yet be found to give a good general idea of the 
chief chemical groups, whilst preserving the natural 
order of the atomic weights 
The quantivalence of the elements on the^ different 
horizo*ntal lines is usually as follows — 


Line a Monads 
,, A Dyads 
,, Cm Tnads 
„ d Tetrads. 


Line e Triads (or pentads) 

„ f Dyads (or hexads) 

„ g Monads (or heptads). 
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There aie, however, several exceptions to this rule 
It frequently happens that the atomic weights of 
allied elements differ by about 16, or some othei 
multiple of 8, as in the following, cases — 

Lithium 7+16 = Sodium 23 

Sodium 23+16 I = Potassium 39 i 

Magnesium 24+16 = Calaum 40 

Carbon 12+16 = Sihcon 28 

Oxygen 16+16 = Sulphur 32 

Other examples of the same fact may be found in 
papers by the author in the Chemical News, vol viL 
p. 70, Feb 7, 1863, and vol x p 59, July 30, 1864 
If the ftomic weights of the elements really followed 
the strictly natural order, they would coincide with their 
ordmal numbers, provided, of courS^ that the atomic 
weight ^osen as the unit was the true unit, and not 
some multiple or fraction of the true unit 

Now, granting that the eighth element reckoning from 
a given one, such as potassium from sodium, is the next 
member of the same group, their atomic weights should, 
if following the natural order, differ by 7, just as their 
ordinail numbers differ by 7> whereas the actual differ- 
rence is 16 i , so that the atomic weights are equal 
to the natural numbers multiplied by 2*3, for 7 x 2 3 = 
16 I 

If, therefore, we divide all the atomic weights by 2 3, or, 
what amounts to the same thing, if we make a table of 
the atomic weights taking that of sodium as 10, the 
atomic weights so obtamed will be found to approach 
pretty closely to the natural order, espeaally when we 
compare the diffeiences between elements in such parts 
of the list as are probably more complete than the 
others 

In Table III. such a list is^ g^ven, and although no 
one would wish to abandon for most purposes the 
ordinary atomic weights founded upon hydrogen as 
unity, still it is both interesting and instructive to regard 
such familiar data from a new point of view 


28 


APPENDIX. 



June l8, 1875 
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From the ‘ Chemtcal News^ vol. 37, p 255, June 21, 1878 

ON RELATIONS AMONG THE ATOMIC 
WEIGHTS OF THE. ELEMENTS 

By John A R Newlands 

Besides the relations among the atomic weights of the 
elements when arranged in their natural order which are 
now comparatively well known m connection with the 
periodic law, there are others of considerable interest, 
some of which will be briefly alluded to in the present 
communication 

In Table I four separate scales of atomic weights are 
given, the first row of figures being the atomic weights 
taking* hydrogen = i , the second row, taking sodium 
s= 10 , the third, taking chlorine = I’S, nearly , and the 
fourth, taking carbon = S 


Tabus I 


Symbol 

At Wt 



At Wt J* 2 4, 
or C=:S 

H 

I 0 

0 43 S 

0 422 

0 417 

Li 

7 0 

3 04 

2 95 

2 92 

Be 

9 4 

4 09 

3 97 

3 92 

B 

II Q 

4 80 

4 64 

4 58 

C 

12 0 

5 22 

5 06 


N 

14 0 

6 09 

5 91 

5 83 

0 

16 0 

6 96 

6 7 S 

0 67 

F 

19 0 

8 26 

8 02 

7 92 

Na 

23 0 

10 00 

9 70 

9 58 

Mg 

24 0 

10 43 

10 13 

10 00 

A 1 

27 4 

IX 91 

u s6 

II 42 

Si 

28 0 

12 20 

II 81 

XI 67 

P 

31 0 

13 4 ^ 

13 08 

12 92 

S 

32 0 

13 91 , 

13 SO 

13 33 

Cl " 

35 5 

15 43 * 

14 98 

14 

K ! 

39 * 

17 00 

i6 so 

x6 29 

Ca 

40 0 

17 39 

16 88 

16 67 

Ti 

50 0 

21 74 

2l 09 

20 83 

V 

SI 2 

22 26 

21 60 

21 33 

Cr j 

52 2 

22*70 

22 03 

21 75 
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Table I — cQ7itmued 


Symbol 


Mn 

Fe 

Ni 

Co 

Cu 

Zn 

Ga 

As 

Se 

Br 

Kb 

Si 

Y 

Zr 

Nb 

Mo 

Rh 

Ru 

Pd 

cf 

In 

Sn 

Sb 

I 

Te 

Cs 

Ba 

Di 

Ce 

Er 

La 

Ta 

W 

Au 

Pc 

Ir 

Os 

Pb 

Bi 

Th 

U 


At Wt 

• 

At Wt - 3 3, 
orNa=io 

At. Wt -r a 37, 
or • 

Cl = 3 C 5 nearly 


23 91 

23 2X 

56 0 

24 35 

23 63 

58 8 

25 57 

24 81 

S 8 8 

25 57 

24 81 

63 4 

27 57 

26 75 

6s 2 

28 35 

27 SI 

69 9 

30 39 

29 49 

75 0 

32 61 

31 65 

79 4 

34 52 

33 SO 

80 0 

34 78 

33 76 

i 

37 13 

36 03 

87 6 

38 09 

36 96 

88 0 {?) 

38 26 

37 13 

89 6 

38-96 

37 81 

94 0 

40 87 

39 66 

96 0 

41 74 

40 SI 

104-4 

45 39 

44 05 

104 4 

45 39 

44 OS 

106 6 

46 35 

44 98 

108 0 

46 96 

45 57 

112 0 

48 70 

47 26 

113 4 

49 30 

47 85 

Ii8 0 

1 51 30 

49 79 

122 0 

53 04 

SI 48 

127 0 

55 22 

S 3 59 

128 0 

55*65 

54 01 

133 0 

57 83 

50 12 

137 0 

59 57 

57 81 

138 0 (?) 

60 00 

58 23 

140 0 (’) 

60*87 

59 07 

178 0(?) 

77 39 

75 n 

i8o o(?) 

78 26 

75 95 

182 0 

79 13 

76 79 

184 0 

80 00 

77 64 

Jt 97 0 

§5 

83 12 

197*4 

85 83 

83 29 

198 0 

86 09 

83 54 

199 2 

86 61 

840s 

200 0 

^6 96 

84 39 < 

203 6 

88 52 

85 91 

207 0 

90 00 

87-34 

2x0 0* 

91 30 

88 61 

235 0 

102 17 

99-16 

240 0 

104 35 

101 27 


At Wt *f a 4, 
or C = 5 


22 92 
^3 33 
24 SO 
24 so 

26 42 

27 17 
29 12 
3* 25 

33 oS 
33 33 
35 58 

• 36-50 

3S 67 

37 33 

39 17 

40 00 
43 5° 

43 SO 

44 4* 

45 00 

46 67 

47 25 

49-17 

50 83 

52 9* 

53 33 
55-42 

57- 08 

ST SO 

58- 33 

74*17 

75 00 
7 S- 

76 

82- 
82- 

82 

83 So 

83- 33 

It'l 

87-50 

97-92 

100*00 


*83 

•25 
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Starting with the ordinary atomic weights, the sum 
total of those of the knowiwelements is 6227 9, and this 
sum divided bj the number of elements in the table, viz 
64, gives an average atomic weight of 97 31 for each 
element, when hydrogen is taken as unity 

The atomic weights at present known do not corre- 
spond to the natural order, but appear to be a multiple 
of the latter, so that any calculation which may be 
made with a multiple of the ordinal numbers may also 
be made, though somewhat roughly, with the atomic 
weights 

In Table II the elements are arranged in sevens, the 
atomic weight of sodium being taken as 10 The 
atomic weights given in this table approach pretty 
closely to the ordinal numbers, and if the ordinal 
numbers are considered as forming h straight line, the 
atomic weights will form a curved line, crossing and 
re-crossing the straight line at certain intervals, but not 
deviating widely therefrom The average atomic weight 
in this table is 42 31, and the average ordinal number 
42 36 

All our views upon the subject of the ordinal numbers 
to be attached to vaiious elements are hable to be 
corrected by the light of future experience There may 
be elements having atomic weights as much above 
uianium as uranium is above hydrogen, and, on the 
other hand, there may be elements having atomic 
weights as much below hydrogen as hydrogen is below 
uranium In the latter case, such an element would 
almost escape detection by gravimetric analysis, though 
it might considerably influence the character of the 
compounds into which it entered 

But though there is no fixed limit to either the 
maximum or minimum atomic weight which may belong 
to unknown elements, such as tftose above alluded to, it 
IS interesting to observe how, by simply dividing the 
ordinary scale of atomic weights of known elements by 
one and the same number, we obtain figures almost 
identical with the ordinal numbers 
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This agreement is perhaps more evident in Table III , 
where the elements are arijinged in sevens and tens* 
the atomic weights being divided by 2 37, or that of 
chlonne being taken as j[ 5, nearly * 

May 25, 1878 


I now subjoin a few bnef notes on certain questions 
connected with the atomic weights. 

1 Are the atomic weights invariable > This question 
must most probably be answered in the affirmative If 
the atomic weight of an element vanes, such variation is 
most hkely veiy slight, otherwise the simple* relation 
between the atotftic weights of the elements when 
arranged in their natural order would be liable to be 
disturbed 

2 P ossibility of one element being contained in another 
Admitting that each element has an invariable atomic 
weight, and also that the combining weight of a com- 
pound IS the sum of those of its constituents, it would 
follow that elements of higher atomic weight (should 
they prove to be really compounds) might contain those 
of lower atomic weight, but not the reverse 

3" If we view all matter as really composed of various 
naodifications of one elementary substance, consisting of 
physical atoms, we may regard the atomic weight of each 
element as expressing the relative number of physical 
atonw contained in the chemical atom The same 
number of physical atoms differently arranged might 
form two or more distinct elements which might then 
be regarded ais isomenc Perhaps cobalt and nickel 
are thus related. 


it has been shown 
that though it IS not true that all the atomic weights are 
multiples of the atomic weight of hydrogen, it is never- 
theless the case that the number of elements whose 
atomic weights approach within experimental errors to 
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exact multiples of hydrogen is far greater than it should 
be on the theory of probabi^ties 

S It sometigies happens that the atomic weight of 
one element when doubled gives a number identical, or 
nearly so, with the atomic weight of another element, as 
in the following cases — 

Li 7 X 2 = 14 N 

C 12 X 2 = 24 Mg 

N 14 X 2 = 28 Si 

O i6 X 2 = 32 S 

A 1 27 4 X 2 = 54 8, or Mn 55, nearly 

Si 28 X 2 = 56 Fe 

Ca40 X 2 = 80 Br 

Cr 52 2 X 2 = 104 4 Rli and Ru 

Fe 56 X 2 = 112 Cd 

•Ni and Co 58 8 x 2 = 117 6, or Sn 1x8, nearly 

• Cu 63 4 X 2 = 120 8, or I 127, nearly 

In most of these cases there is very little resemblance 
between the first and second element Oxygen and 
sulphur, however, belong to the same chemical group, 
and certain compounds of manganese resemble those of 
aluminium In the case of Li 7, the atomic weight occurs 
doubled — ^firstly, as N 14 , secondly, as Si 28 , thirdly, as 
Fe 56 , fourthly, as Cd 1 12 Almost the only resem- 
blance, however, between these five elements is that 
some of the ferrous salts are isomorphous with those of 
cadmium. 

6. It frequently happens that out of three elements 
having common properties, the atomic weight of one 
approaches the mean of the other two, as in the well- 
known triplet-groups, formerly called triads Thus, we 
have — 


Lower element* 
Li 7 . 

Mg 34 


Mean Higher element 

Na 23 .. , K39*i 

CdXX 3 . * Hg200 


Generally, however, the central term differs from the 
exact mean to a greater extent than can be attributed to 
experimental errors. There are several instances where 
the atomic weight of one element is almost exactly the 

D 
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rneain of the atomic weights of two elements with which 
it has little or no connection ^ Thus — 


Lower element. 

Mean 

Higher element 

H 1 

r> C 12 

Na 23 

H I 

0 16 

P 31 

H I 

Si 28 

Mn 55 

C 12 

N 14 

0 l(> 

N 14 

Na 23 

S 33 

0 16 

Mg 24 

S 32 

0 16 

Si 28 

Ca 40 


7 Two atomic weights taken fiom the lower pait of 
the senes when added together frequently equal the 
atomic: weight of some other element, though no gencuil 
rule a.ppears to be applicable to such cases 

Soraietimes, though rarely, an atomic weight added to 
the ne;:xt following in numeiical order, equals iTn atomic 
wcig-lat; further on ifl the series , thus — 

B II + C 12 = Na 23, 

Theire are also cases in which an atomic weight ad<lcd 
to the next but one in numerical ordei, equals an atomic 
wcig-liLi: further on in the series , thus — 

C 12 + O 16 = Si 28 , and 

O 16 + Na 23 =: 39, or K 39 I, neiily 

The following table contains the atomic weight of each 
clcnaent from H i to Cl 35 5, added to the next but two 
in numerical order, and it will be obseived that alomic 
vveig-hts higher in the series arc, in this way, not un- 
f leqeiently obtained 

H I + B II = c 12 


T 


T 




APPENDIX 


35 * 


_ In hke manner, by adding two atomic weights taken 
in numerical order, but separated by some definite 
interval, atomip weights higher in the senes may not 
unfiequently be obtained • 

8 Taking the three lowest known atomic weights, 
those of H I , Li 7 , and Be 9 4 , many of the higher 
atomic weights may be anthmetically derived from them 
by vanous combinations , thus — 

B II = Li + 4 H 
C 12 = B + H 

N 14 = 2 Li 

O 16 = N + 2 H 

F 19 = Li + C 

Na 23 = B + C, or Li + O 

Mg 24 = 2 C 

• A 1 27 4 = Li + Be + B 
• Si 28 =2N 

P 31 =C + F 
S 32 =20 

35 5 “ + C + N, nearly 

K 39 1 =0 + Na nearly, or Li 4 S nearly 
Ca 40 = O -i- Mg 

Sc 44 = C + S 


9 If we take a certain number of elements whose 
atomic weights may be supposed to be consecutive, say 
the first 28 elements on the list, and ariange them in two 
columns, the first column of half these elements being in 
the order of atomic weight, and the second half being in 
inverse order , then on adding each member of the first 
column to the corresponding member of the second 
column, a number is obtained which should be identical 
in every case provided that the atomic weights corre- 
sponded either to the natural order of numbeis, or to 
some multiple of such order As a matter of fact, tht 
numbers thus obtained are by no means unifoim, but 
vary within consideiable limits , thus — 




Li 7 + Zn 65 » = 3 


Be 9 4 + Cu 63 4 
B II + Co 58 8 
^ +N1588 

+ Fe 56 
+ Mn5S 
+ Cl 52 2 


C 12 
N 14 
O 16 
P 19 


u 


D 2 
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Na23 + V 51 2 = 74 2 
Mg 24 + Ti 50 = 74 o 

A1 27 4 + Sc f4 =714 
Si 28 + Ca 40 = 68 o 

J 31 i- K 39 I = 70 I 
S 32 + Cl 35 s = 67 S 




10 It has already been stated, p. 19, that "no simple 
relation could be worked out of the atomic weights under 
any other system than that of Cannizzaro,” and if we 
attempt to introduce vanous equivalents of one and the 
same element into the table, they seem out of place, as 
do also the combining weights of quasi-elements, such as 
ammonium, or cyanogen 

11 If any data, such as specific heats or vapour 
densities, should prove ultimately to be, without excep- 
tion, either directly or inversely as the atomic weights, a 
list of the elements arranged according to such data 
would, of course, also show a periodic law 

^ 12 Although all the elements yet discovered appear 
to take their places in accordance with the periodic law, 
it IS quite conceivable that various series of elements may 
exist not very simply related to each other 

13 Among the bodies which have fallen on the earth 
from outer space, no element has hitherto been detected 
different from those known to exist upon the earth’s 
surface The evidence of the spectroscope also shows 
the presence of terrestrial elements in vanous celestial 
bodies Looking, however, at the densities of the various 
planets, it might be thought that elements of a lighter or, 
in some cases, of a heavier kind than those at present 
known might enter into their composition In the 
' Handbook of Descriptive Astronomy,’ by Geo F. 
Chambers, 3rd ed 1877, the densities of the planets, 
occ,, are given as follows, taking water as unity — 


Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 


7 03 Sun I 43 

$•23 Moon 3*^7 

5 67 
2 93 
I 23 
o 68 
o 99 
o 96 


T 


I 
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Again, on considenng the difference between the 
density of the earth and tfcat of the earth’s crust, which 
IS much lightgr, it might be thought that elements of 
higher specific gravity are contamed in the interior of the 
earth 

Vanous explanations may, however, be given to account 
for these great differences m density without asgnming 
the presence of large quantities of elements of either a 
lighter or heavier kind than those already known to 
science 

Any communications on the subject of this work may 
be addressed to the author, at the laboratory, 9, Minnng 
Lane, London, E C. 


As evidence of the opinion of vanous wnters on the 
subject of the Periodic Law, the following may be 
quoted — 

M Mendelejeff {Chemical News, vol xliii p 15) — 

“ It IS possible that Newlands has pnor to me enunciated 
something similar to the penodic law, but even this 
cannot be said of H L Meyer” 

Dr Odling, Lecture on Gallium, before the British 
Association in 1877 —“Mr Newlands was the first 
chemist to arrange the elements in such a senation that 
new ones might be predicted to exist where ceitain gaps 
are observed in the senation of atomic weights.” — 
Pharmaceutical yournal, August 25, 1877, p 144 

‘Fownes’ Chemistiy,’ vol 1, 12th ed., 1877, p 265 — 

“ This relation of the elementary bodies, which is called 
Ae 'penodic law,’ was first pointed out by Newlands 
in 1864, and afterwards developed by Odling and 
Mendelejeff” 

Miller’s ‘ Elements of Chemistry,’ part 11 , 6th ed , 1878, 
p 974 — Penodic law of Newlands and Mendelejeff” 

“ This periodic law was first pointed out by Newlands in 
1864-” 

Roscoe and Schorlemmer’s ‘ Chemistry,’ vol 11 , part ii , • ' 
1879? P 506 ‘ — “ The first attempt to point out that the 
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properties of the elements varied periodically, was made 
by Newlands in 1863” “T*e law of periodicity w 2 
developed by Meyer an^^ Mendekjeff” 

oarU 7 * 3rd Supplement, 

^ ^ ^ periodic relation between 

me atornic weights of the elementaiy bodies and their 
quantivalence and other properties, developed by Men- 

described (2nd Lpple- 
T864”'^^ suggested by J R Newlands in 

.tiP'’ ^ Camelley, Philosophical Magazine, vol via 
30s -“It was not, however; till withm 
he last fifteen years that these relations were first tiaced 
m a systematic manner, and it is to Newlands and 
Mendelejeff, that we owe a new*fieid of 
research and a new and powerful method of attackino- 
^emical problems The importance of the work of 
^wlands and Mendelejeif cannot be easily oveirated 

Si ESe “ ■"‘‘yi'toly by eih of them 

Win serve in the future, and has done to some extent 

already, to indicate those directions in which resemch ”s 
most needed, and in which there is most promise of 

m f ',u appbcehon of th J pEuicple 

Will also enable us to make predictions of phenom^a 
still unknown, and will at the same time pi event S 
fruitless researches It is and will be, in fact, for some 
tune to come, the finger-post of chemical science » 

Page 306 In 1864, Newlands made the first oreat 
step in advance, which advance was increased and placed 
on a firmer basis by Mendelejeff in 1869 

^ ^ J 1 , ^ year 1866 a very curious observation 

to the effect that when the 
ements are arranged in a continuous senes in the older 
of their atomic weights,* commencing with^ydroSn 
here is at equa intervals m the serifs a lecurmnT of 
•SeS ° chaiacters, both physical and 

witlTf fix, periodic levival of characteristics occurs 

with a few exceptions, at about every eighth member of 


APPENDIX 


39 » 

• 

the senes, as will presently be shown Xhis discovery 
has been elaborately studied by Mendelejeff and Lothar 
Meyer, and that which has long been vaguely recognised 
IS now fully established, namely, that the properties of 
the elements stand in a definite relation to their atomic 
weights ” 

Sir John Lubbock’s Addiess to the British Associa- 
tion, in 1 88 1 {Che^nical JVews, vol xliv p 120) — “A 
periodicity in the atomic weights of elements belonging 
to the same class had been pointed out by Newlands 
about four years before the publication of Mendelejeffs 
memoir ” 

Mr Thos Bayley, ' Proc Royal Irish Academy,’ 2nd 
ser, vol 111 p 793, June 1883 — "The law, originated by 
NewJ^nds, and called by him the law of octaves, and 
subsequently developed by MendeKjeflf and L Meyer 
under the name of the pei iodic law ” 

Dr Gladstone’s Addiess to the Chemical Section 
the Biitish Association, 1883 — “But this is not the 
largest generalisation in legaid to the peculianties of 
these atomic weights Newlands showed that, by ai rang- 
ing the numbers in their oidci, the octaves presented 
remarkable similarities, and, on the same principle, 
Mendelejeff constiucted his well-known table ” 
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G Andrf, F G S , Assoc Inst C E , Member of the Society of Engineeis 
With 82 lithographic plates 2 vols , royal 4to, cloth, 3/ I2J 


Sugar Growing and Refining a Comprehensive 

Treatise on the Culture of Sugar-yielding Plants, and the Manufacture, 
Refining, and Analysis of Cane, Beet, Maple, Milk, Palm, Sorghum, 
and Starch Sugais, with copious statistics of their production and com 
merce, and a chapter on the distillation of Rum By Charles G 
Warnford Lock, F L S , &c , and G W WiGNERandR H^Harland, 
FF C S , FF I C Wtt 7 ^ 20 S illustf aitons, 8vo, cloth, 30J • 


Spmd^nformation for Colonial Engineers Edited 

^^y f T Hurst Demy 8vo, sewed 


No I, Ceylon By Abraham Deane, C E zs C>d 
Contents 

Introductory Remaiks— Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade, and Natural History— Principal Stations— Weights and Measures, etc , etc 


No 2 Southern Afnca, including the Cape Colony, Natal, and the* 
Dutch Republics By Henry Hall, FRGS, FRCI With 
Map 3J 

Contents 

General Description of South Africa— Physical Geography with reference to Engineering 
Operations— Notes on Labour and Material m Cape Colony — Geological Notes on Rock 
Formation in South Africa — Engineeimg Instruments for Use in South Africa— Principal 
Public Works m Cape Colony Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineeringj*Public Buildings, Mines — ^Table of Woods in South Afnca — ^Animals used for 
Draught Purposes— Statistical Notes— Table of Distances— Rates of Carnage, etc 


No 3 India By F C Danvers, Assoc Inst C E With Map 4X M 
Contents 

Physical Geography of India— Building Matenals— Roads— Railways— Bndgcs— Irriga- 
tion— Ri^r Works — Harbours — Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Money— Weights and Measures— Glossary of Indian lcrms,etc 


• %. Practical Treatise on Casting and Founding, 

including descriptions of the modem machinery employed in the art By 
N. E Spretson, Engineer Third edition, with 82 plates drawn to 
scale, 412 pp , demy 8vo, cloth, i8f 


Gas Works their Arrangement, Construction, Plant, 

and Machinery By F ColydS, M Inst CE With folding plates, 
8vo, cloth, 24f • 

The Clerk of Works' a Vade-Mecum for all engaged 

in the Superintendence of Building Opeiations By G G HosKiNS, 
F R I B A Third edition, fcap 8vo, cloth, is 6 d 


Tropical Agriculture , or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of tlie Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc , and in their 
relation to the Arts and Manufactuies , forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc ,- of the vanous Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tiopical Regions By 
P L Second edition, revised and improved, 515 pages, 

8vq, cloth, il IS ^ 

American Foundry Practice Treating d^Loam, 

Dry Sand, and Gieen Sand Moulding, and containing a Practica^flDggal^e 
upon the Management of Cupolas, and the Melting of Iron By 
Wjst Practical Iron Moulder and Foundry Foreman Second edition, 
with numerous illustrations, crown 8vo, cloth, lar 

The Maintenance of Macadamised Roads By T. 

CODRINGTON, MICE, F G S , General Superintendent of County Roads 
for South Wales Svo, cloth, 6j 

* Hydraulic Steam and Hand Power Lifhng and 

Pitssing Machinery By Frederick Col\er, M Inst C E ,M Inst M E, 
With plates, 8 VO, cloth, iSj* 

Pumps and Pumping Machinery By F Colyer, 

MICE, MIME Wah infolding plates, Svo, doth, \is (sd 

The Municipal and Sanitary Engineers Hc^idbook 

By H Percy Boulnois, Mem Inst C E , Borough Engineer, Poits- 
xnouth With nwnei OHS illustrations, demy 8vo, cloth, 12s 6 d 
Contents 

The Appointment and Duties of the Town Surveyor— Inffio-M ic'id'imised Roidways— 
Stcim Rofling-Roid Metal and Breakmg— Pitched Pavements— Afephalte—Wood Pavements 
—I'ootpaths— Kerbs and Gutters— Street Narainc and Numbenng— Sweet Lighting— Scwe)> 


layl ft 


Street Cleansing— Watering and the Removing of Snow— Phntinjj Street ^rees — Dep^it ^ 
Plans— Dangerous Buildings — Hoardingtr— Obstructions— Improving Strwt Lme&— Cell# ^ 
Openings— Public Pleasure grounds— Ceraetenos—Mortuones— Cattle and Ordinary Markists 
—Public Slaughter-houses, &c— Givmg numerous lorms of Notices, bpcciiications, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work 
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Tables of the Principal Speeds occurring in Mechanical 

Engineerings expiessed in metres second By P Keerayelf, Chief 
Mechanic of the Oboiichotf Steel Works, St Petersburg , translated by 
Sergius Kern, M E Fcap 8vo, sewed, 6^ 

Spons Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval, with technical terms in French, Gennan, Italian, 
and Spanish, 3100 pp , and 7iearly 8000 engravings, in super royal S\o, 
in 8 divisions, $/ 8 j Complete in 3 vols , cloth, 5/ Ss Bound m 1 
supenor manner, half moiocco, top edge gilt, 3 vols ,61 12 s 
Seepage 15 


A Treatise on tjie Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber, with Remarks on the Means of Preserving 
Wood from Destruction by Sea-Worms, Beetles, Ants, etc By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc With 10 plates, crown 8vo, cloth, ^s 6d % 


Metncah Tables. %G L. Molesworth, M.I.C E 

32 m/^oth, is 6d 



Contents 

General-Linear Measures — Square Measures— Cubic Measures— Measures of Cap'icilj — 
Weights— Combinations — hermometers 


Elements of Construction for Electro-Magnets By 

Count Th Du Moncel, Mem de ITnsUtut de France Translated fiom 
the French by C J Wharton Crown 8vo, cloth, 4? 6d 


Electro -Telegraphy By Frederick S Bfechev,* 

Telegraph Engmeei A Book for Beginneis Illusttated Fcap Svo, 
sewed, 6d 

Handrailing by the Square Cut. By John Jones, 

Staircase Builder Fourth edition, with seven plates, Svo, cloth, 3J 6d 


Handrcahng . by the Square Cut By John JoNEb, 

Staircase Builder Part Second, with eight plates, Svo, cloth, 3^ 6d 


Practical Electrical Units Popdarly Explained, with 

vumeious illustrations and Remarks By James Swinburnf, late of 
J W Swan and Co , Pans, late of Brush- Swan Electiic Light Company, 
U S^A i8mo, cloth, is 6d ^ ^ 

Philipp Reis, Inventor of the Telephone A Biographical 

^ Sketch With Doci-ftnentary Testimony, Translations of the Onginal 
# Papers of the Inventor, &c By SiLVANUS P THOMPSON, B A , Dr Sc , 
Professor of Expenmental Physics in University College, Bristol With 
illustrations, Svo, cloth, ys 6d 
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A Pocket-Book of Usefu^ Formula cmd Memoranda 

for Cwil and Mechanual Engineers By Guilford L Molesworth, 
Mem Inst C E?? Consulting Engineer to the Government of India for 
State Railways With numerous ilfustrations^ 744 pp Twenty-first 
edition, revised and enlaiged, 32mo, roan, 6s 

Synopsis op Contents* 

Surveying, Levelling, etc —Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etCrfr^-Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusses^^irders Bndges, etc — Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming- Heat, 
Light, Colour, and Sound — Gravity Centres, Forces, and Powers— MiUwork, Teeth of 
Wheels Shafting, etc — Workshop Recipes— Sundry Machinery— Animal Power— Steam and 
the Steam Engine— Water power, Waterwheels, Turbmes, etc — ^Wind and Windmills — 
Steam Navigation, Ship Building, Tonnage, etc — Gunner, Projectiles, etc— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc — Useful Numbers — ^Differentia and Integral Calcu- 
lus-Algebraic Signs — Telegraphic Construction and Formulae 

Sponi, ^Tables and Memoranda for Engineers, 

selected and aiianged by J T Hurst, C fl, Author of ‘ ' 

Surveyors’ Handbook,’ ‘Hurst’s Tredgold’s Caipentry,’ etc 
64mo, roan, gilt edges, i ^ , or in doth case, is 6d 

This work is printed m a pearl type, and is so small, measuring only at 
i in thick, that it may be easily earned m the waistcoat pocket 

'* It IS certainly an extremely rire thing for a reviewer to be called upon to notice a volume 
measunng but ai m in , yet these dimensions faithfully represent the size of the h'lndy 
little book before us The volume — which contains rz8 printed pages, besides a few blank 
pages for memoranda — ^is, in fact, a true pocket book, adapted for being earned m the wnisc- 
coat pocket, 'ind containing a far greater amount and vanety of information than most peoplc- 
would imagme could be compressed into so small a space Ihe little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion *^'^Ettgmeenng 

Analysis, Technual Valuation, Purification and Use 

of Coal Gas By the Rev W R Bowditch, M A fVilA wood engravings^ 

8vo, cloth, 12J 6d 

A Practical Treatise on Natural and Artificial 

Concrete^ its Vaneites and Comtruetwe Adaptations By Henry Reid, 
Authoi of the * Science and Art of the Manufacture of Poitlant^ Cement ' 
New Edition, with 59 woodcuts and 5 plates^ 8vo, cloth, 15^ 

Hydrodynamics . Treatise relative to the Testing of 

Water- Wheels and Machinery, with vanous other matters pertaining to 
Hydrodynamics By James Emerson With numerous tllustrattons^ 

360 pp Third edition, ciown 8vo, cjpth, 6d « 

Electricity as a Motive Power By Count Tii Du 

Moncel, Membre de I’lnstitut de France, and Frank Glraldy, Ingd# ^ 
nieur des Fonts et Chaus^es Tnnslated and Edited, with Additions, by 
C J Wharton, Assoc Soc Tel Eng and Elec With 113 engravings 
and diagrams^ crown 8vo, cloth, 7 j Q 
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The Gas Analyst's Mamial. By F. W Hartley, 

Assoc Inst CE, etc With i^imerous illusti aiions Crown 8vo, 
cloth, 6^ • 

Gas Measurement and Gas Meter Testing By 

F W Hartley Fourth edition, revised and extended Illustrated^ 
crown 8vo, cloth, 4^ 

The French- Polisher s Manual By' a French- 

Polisher, containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French Polishing, Direction^ for Re 
polishing Third edition, royal 32mo, sewed, 

Hops, their Cultivation, Commerce, and Uses in 

•various Countries By P L SiMMONDS Cro^vn 8vo, cloth, 4J (id 

• A Practical Treatuce on the Manufacture and JDistri- 

huttoj^ Coal Gas By William Richards Demy 4to, with numerous 
wcmcmgravings and 29 plates, cloth, 28^ 

Synopsis of Contents 

Introduction — History of Gas Lighting— Chemistry of Gas hl'inufacture, by Lewis 
Thompson, Esq , M R C S —Coal, with Analyses, by J Paterson, Lewis J liompson, and 
G R Hislop, Esqrs —Retorts, Iron and Clay— Retort Setting— Hydraulic Mam— Con 
densers — Exhausters— Washers and Scrubbers— Purifiers — Purification — History of Gas 
Holder — Tanks, Bnck and Stone, Composite, Concrete, Cast iron, Compound Annuhr 
Wrought iron — Specifications — Gas Holders — Station Meter — Governor — Distribution— 
Mams— Gas Mathematics, or Formulae for the Distribution of Gas, ^ Lewis Thompson, Esq^— 
Services— Consumers* Meters — Regulators — Burners — Fittings — Photometer — Carburization 
of Gas— Air Gas and Water Gns— Composition of Coal Gas, by Lewis Thompson, Lsq -% 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc , etc 

Practical Geometry, Perspective, and Engineering 

Drawing, a Course of Descriptive Geometry adapted to the Require- 
ments of the Eugmeenng Draughtsman, including the determination of 
cast shadows and Isometiic Projection, each chapter being followed by 
numerous examples , to which aie added rules for Shading Shade lining, 
etc , together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineei mg Drawings, with a chapter 
on drawing Instiuments By George S Clarke, Capt R E Second 
edition, 2vit/i 21 plates 2 vols , cloth, ioj 6 d 

The Elements of Graphic Statics. By Professor 

Ki<RL Von Ott, translated ffcm the German by G S Clarke, Capt 
R E , Instructoi in Mechanical Diawing, Royal Indian Engineering 
College With 93 ill^istrations, crown 8vo, cloth, $s 

* The Principles of Graphic Statics By George 

Sydenham Clarke, Capt Royal Engineers With 112 tllusU aiions 
4to, cloth, izs (d 
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The New Formula for Mean Velocity of Discharge 

of Rwers and Canals By yfi R Kutter Translated from articles m 
the ‘ Cultur Ingenieur,’ by Lowis D*A Jackson, Assoc Inst C E 
8vo, cloth, I 2 S 6 tf • 

Practical Hydrcmlics , a Senes of Rules and Tables 

for the use of Engineers, etc , etc By Thomas Box Fifth edition, 
numerous plates, post 8vo, cloth, 5^ 

A Practical Treatise on the Construction of H on- 

zontal and Vertical Waterwheels^ specially designed for the use of opera- 
tive mechanics By William Cullen, Millwnght and Engineer With 
II plates Second edition, revised and enlarged, small 4to, cloth, I2s 6 d 

Aid Book to Engineering Enterprise Abroad By 

Ewing Matheson, M Inst CE The book tieats of Public Works 
and Engineeiing Enteipnses in their inception and preliminary arrange- 
ment p of the different modes in which money is provided for their 
accomplishment , and of the economical agd techmcal considerations by 
which success oi failuie is determined The informatioi^^ecessary to 
the designs of Engineers is classified, as are also those "p'^tilars by 
which Contractors may estimate the cost of works, and CapiWf^jjts^e 
probabihties of profit Illustrated^ 2 vols , 8vo, I2s 6 d each ^ 

The Essential Elements of Practual Mechanics, 

based on the Principle of Worh, designed foi Engineering Students By 
Oliver. Byrne, formerly Piofessor of Mathematics, College for Civil 
Engineers Third edition, zvit/i 148 wood engi avtnffs, -post Svo^ cloth, 

•js 6 d 

Contents 

Chap X How Work is Measured by a Unit, both with and without reference to a Unit 
of Tune— Chap 2 Ihe Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap J The principles expounded in the first and 
second chapters ire applied to the Motion of Bodies— Chap 4 -The Transmission of Work by 
simple Macmmeb— Chap 5 Useful Propositions and Rules 

The Practical Millwright and Engineer's Ready 

Reckoner, or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength ^f bolts, etc 
By Thomas Dixon Fourth edition, i2mo, cloth, 3J 

Breweries and Maltings their Arrangement, Con- 

struction. Machinery, and Plant By G SCAMELL, F R I B A Second 
edition, revised, enlarged, and partly rewntten By F Colyer, MICE, 
MIME With 20 plates, 8vo, cloth, i8j 

A Practical Treatise on t^e Manufacture of "Starch, 

Glucose, Starch Sugar, and Dextrine, based „on the German of L Von 
Wagner, Professor in the Royal Techmcjd School, Buda Pesth, aild^ 
other authorities By Julius Frankel , edited by Robert HuttRr, 
propnetor of the Philadelphia Starch Works With 58 illustrations^ 
344 PP » 8vo, cloth, i8r 
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A Practical Treatise on Millgearing, Wheels, ^Shafts, 

I^iggers, etc , for the use of Engineers By Thomas Box riiird 
edition, with li plates Crown 8vo, cloth, *is 6d ^ 

Mining Machinery a Descriptive ^Treatise on the 

Machinery, Tools, and other Appliances used m Mining By G G 
Andre, F G S , Assoc Inst C E , Mem of the Society of Engineeis 
Royal 4to, uniform with the Author’s Treatise on Coal Mining, coiv 
taming 182 plates, accurately drawn to scale, with desciiptive text, in 
3 vols , cloth, 3/ 12s 

Contents 

Machinery for Prospecting, Excavating, Hauling, and Hoisting-VentiKtion—Pumping-— 
Treatment of Mmeral Products, including Gold and Silver, Copper, lin, and Lend, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc 

Tables for Setting out Curves for Railways, Canals, 

J^oads, etc, varying from a radius of five chains to three mjlcb By A 
Kennedy and R W H,^ckwood Illustrattd, 331110, cloth, zs 

The SR^ce and Art of the Manufacture of Portland 

^00>fPment, with observations on some of its constructive applications With 

C.£. .17 j j. ■DwT'r\ TJ* A rtf * A "Pi 


66 illustrations By Henry 
Treatise on Concrete,’ etc , etc 


Reid, C E , Author 
8vo, cloth, iSj 
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The Draughtsmans Handbook of Plan and Map 

Drawing, including instructions for the preparation of Engineering, 
Architectural, and Mechanical Diawmgs With numerous illustrations 
zn the text, and 33 plates (15 printed in colours) By G, G Andri:, f 
F G S , Assoc Inst C E 4to, cloth, gs 

Contents 

The Drawing Office and its Fumishings—Geometncal Problems — Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales-Plotting 
— Civil Engineers* and Surveyors’ Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formula,, etc , etc 

The Botler-makei^s andiron Ship-builder s Companion, 

compnsing a senes of ongmal and carefully calculated tables, of the 
utmost utility to persons interested in the iron tiades By Jamls Foden, 
author of * Mechanical Tables,’ etc Second edition revised, loith tllusira^ 
tions, crown 8vo, cloth, $s 

Rock Blasting a Pract^al Treatise on tjb.e means 

empfoyed in Blasting Rocks for Industrial Purposes By G G, Andri'), 
F G S , Assoc Inst C E With 56 illustrations and 12 plates, Svo, cloth, 
^ 10s 6 d ^ 
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Surcharged and different Forms of Retaining Walls. 

By J, & Tate Illustrated, Svo, sewed, 2j. 


A Treatise on Ropemakit^ as practised in puhlu and 

private Rope yards, with a Desdl^hon of the Manufacture, Rules, Tables 
of Weights, eto* adapted to tlie Trade, Shipping, Mining, Railways, 
Builders, etc By R Chapman, formerly foreman to Messrs Huddart 
and Co , Limehouse, and late Master Ropemakei to H M Dockyaid, 
Deptford Second edition, i2mo, cloth, 3^ 

Laxtads Builders' and Contractors' Tables , for the 

use of Engmeeis, Architects, Surveyors, Builders, Land Agents, and 
others BncUayer, containing 22 tables, with nearly 30,000 ccdculations 
4to, cloth, 5 j 

Laxtofts Builders' and Contractors' Tables Ex- 

cavator, Eaith, Land, Water, and Gas, contaimng 53 tables, with neaily 
24,000 calculations 4to, cloth, 5^ 

Sanitary Engineering a Guide to the Construction 

of 'gToiRs of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer By Baldwin Latham, C E , M Inst 
CE, FGSjFMS, Past President of the Society of En^xJi^s^ Second 
edition, with numerous plates and woodcuts^ 8vo, doth, 1/ ioj 

Screw Cutting Tables for Engineers and Machimslt, 

giving the values of the different tiains of Wheels required to produce 
Screws of any pitch, calculated by Loid Lindsay, MP,FRS,FRAS, 
etc Cloth, oblong, 2 s 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
* Threads of Sciews of any required pitch, with a Table for making the 
Umversal Gas-pipe Threads and Taps By W A Martin, Engmeer. 
Second edition, oblong, cloth, xx , or sewed, ^d 

A Treatise on a Practical Method of Designing Slide- 

Valve Geais by Simple Geometrical Constructton, based upon the principles 
enunciated m Eudid*s Elements, and compnsing the vanous forms of 
Plain Slide Valve and Expansion Gearing , together with Stephenson’s, 
Gooch’s, and Allan’s Link-Motions, as applied either to reverting or to 
vanable e\pansion combinations By Edward T Cowling Welch, 
Memb Inst Mechanical Engineers Crown 8vo, cloth, 6x 

Cleaning and Scouring : a Manual for Dyers, Laun- 

dresses, and foi Domestic Use By S Christopher i8mo, sewed, 

A Handbook of House Sanitation ; for the use ‘'of all 

persons seeking a Healthy Home A r^nnt of those portions of Mr 
Bailey-Denton’s Lectures on Sanitary Engineering, given before th% 
School of Mihtaiy Engineeiing, which related to the ‘*Dwelling,V ^ 
enlarged and revised by his bon, E F Bailey-Denton, C E , B A 
> With 140 tllnstf ations, ovo, cloth, Ss 6 d» 
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A Glossary of Terms used in Coal Mining By 

William Stukeley Gresley, aAoc Mem Inst C E , F G S , Member 
of the North of England Institute of Mining Engimeeis Illustrated with 
numerous woodcuts and dtagrcmis^ crown 8vo, cloth, 5^ 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engmeeis in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public By Maurice John Sexton Second edition, royal 
32mo, roan, gilt edges, $s 


The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Tnisses By 
Thos Cargill, C E B A T , C D , Assoc Inst C E , Member of the 
S ociety of Engineers With 64 tllustraUons^ drawn and wo; J§d out to scale, 
8vo, cl^, X2S 6d • 

^^rrachcal Treatise on the Steam E^igine^ con- 
taining Plans and Anangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction By 
Arthur Rigg, Engineer, Member of the Society of Engmeeis and of 
the Royal Institution of Great Britain Demy 4to, copiously illusU ated 
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2I 2s , 
01 cheaper edition, cloth, 25s 

This work is not, in any sense, an elementary treatise, or history of the steam eneine, but 
IS intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, ahd other similar Engines, by the most eminent Firms in 
Great Britain and America The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston rods, Connecting- 
rods, Cross heads, Motion blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide valves, and Valve gearing will be minutely dealt with In this connection will be found 
articles upon the Velocity of Reaprocating Parts and the Mode of Applying the Indicator. 
Heat and Expansion of Steam Governors, and the like It is the writer’s desire to draw 
illustration^rom every possible source, and give only those rules that present practice deems 
correct 


Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numheis up to 10,000 Post 8vo, 

^ cloth, 6s 
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Camus (M) Treatise on the Teeth of Wheels, demon- 

^ stratmg the best forms which can be given to them for the purposes of 
^ Machinery, such as Mill-work and Clock work, and the art of finding 
their numbers Translated fiom the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac PIawkins 1 hud edition, with iZ plats, S\o, cloth, 5^ 
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Prachcal Treatise on the Science of Land and 

Engtneertng Surveyings Levellings Estimating QttantiiieSs etc s a 

general descnptidh of the several Instruments required for Surveying, 
Levelling, Plotting, etc By H S Mbrrett Third edition, 41 plates 
with illustrations and^abless royal Svo, cloth, 12s 6 d 


Principal Contents 

Part I Introduction and the Principles of Geometry Part a Land Surveymg com 
pnsing General Observations— The Cham— Offsets Surveying by the Chain only— Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Chain onl3r — Survey^g with the 
Theodolite— Mining and Town Surveying— Railroad Surveying^Mapmng— Division and 
liaying out of Land— Observations on Enclosures — Plane Trigonometry Tart 3 jLwelling— 
Simple and Compound Levclling^The Level Book— Parliamentary Plan and Swoon- 
Levelling with a Theodolite — Gradients— Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths Part 4 Calculatmg QuanUties generally for Estimates — Citings and 
Embankments— Tunnels— Brickwork— Ironwork— Timiber Measuring Part s Descnption 
and Use of Instruments m Surveying and Plotting— The Improved Dumpy Level— Trou^ton s 
Level- The Prismatic Compass — Proportional Compass— Box Sextant— Vernier— Panta- 
graph— Merrett’s Improved Quadran^Improved Computation Scale— The Diagon^ Scale— 
Straight Edge and Sector Part 6 Logarithms of Numbers — Logarithmic Sin« and 
Co Sines, Tan^bnts and Co-Tangents— Natural Sines and Co-Smea— Tables for Earthwork, 
for Settmgout Curves, and for various Calculations, etc , etc , etc 

Saws the History, Development, Action, 

tWHs and Comjtanson of Sadjs of all kinds By ROBERT 
With 220 illustrations^ 4to, cloth, I2 j 6</ 

I 

A Supplement to the above, containing additional 

practical mattei, more especially relating to the forms of Saw Teeth for 
special matenal and conditions, and to the behaviour of Saws under 
paiticular conditions With 120 illustrations s cloth, pj 

“a Guide for the Electric Testing of Telegraph Cables 

By Capt V Hoskker, Royal Danish Engineers. With itlustrationss 
second edition, crown Svo, cloth, 4f 

Laying and Repairing Electric Telegraph Cables. By 

Capt V PIOSKICER, Royal Danish Engineers Crown Svo, cloth, 
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A Pocket-Book of Practical Rules for the Proportions 
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Table of Logarithms of the Naturae Numbers, from 

I to 108,000 By Charles Babbac^, Esq , M A Stereotyped^dition, 
royal Svo, cloth, *is ^d 


To ensure the correctness of these Tables of Loganthms, they were compared with Cillett's 
Vcffa*s. Hutton’s, Briggs’, Gnrdmer’s, and Taylor^s Tables of Loganthms, and carefully rea# 
by rune different readers , and further, to remove any poshibiUty of an er«r remainingj tbp 
stereotyped sheets were hung up in the Hall at Cambridge Umvemiw, and a reward offi^ 
to anyone who could find an inaccuracy So correct are these Tables, that sinco their first 
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The Practice of Hand Turning m Wood, Ivory, Shell, 
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in the Practice of Turning m Wood, Ivory, etc , also an Appendix on 
Ornamental Tuinmg (A book for beginners ) By Francis C ampin 
Third edition, with ivood etigi avmgs^ crown 8vo, cloth, 6 j 
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TO 

iPONS’ DICTIONARY OF ENGINEERING, 


snb ItakL 


Edited ey EKNEST SPON, Memb Soc Engineers 


HE success which has attended the publication of * Spons* Dictionary oi* 
iNGiNEERlNG ’ has encouraged the Publishers to use every effort tending to 
eep the woik up to the standard of existing professional knowledge As the 
00k has naw been some years before the public without addition 01 revision, 
leie affe many subjects of importance which, #>of necessity, aie either not 
icluded m its pages, or have been tieated somewhat less fi£?^than then 
resent importance demands With the object, therefore, of remeu^^iH;^ these 
missions, this Supplement is now being issued Each subject m it is^atfid 
i a thoroughly comprehensive way , but, of course, without lepeating thi 
iformation already included m the body of the work 
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